Musculoskeletal ultrasound utilises high-frequency linear transducers to produce high-resolution images of soft tissue structures. It is an increasingly useful tool in the assessment of both acute and chronic musculoskeletal injuries; it is relatively cheap, portable and can be used to facilitate targeted injections. In this review paper, we aim to provide a summary on the normal and abnormal appearances of skeletal tissue in the setting of acute and chronic lower limb sporting injuries.
Introduction
Acute and chronic lower limb injuries frequently occur as a result of sport or exercise. Acute injuries often have a defined onset and mechanism. They commonly occur in team sports such as football or rugby where there is contact between players, sports associated with high speeds such as cycling or skiing, or where there is a risk of falling such as horse riding. 1 These injuries are often related to either direct impact or twisting injuries, where the forces imparted exceed maximum physiological thresholds, resulting in combinations of acute bony or soft tissue damage. Acute injuries are also frequently encountered in ''explosive'' events involving sprinting, jumping or weight lifting. 2 Chronic overuse injuries, by comparison, may have a gradual, insidious onset commonly occurring in aerobic endurance sports, such as long-distance running or in technical events where there is a frequently repeated action, such as throwing, hitting a ball or jumping. Repetitive microtrauma, below the threshold for symptoms, exceeds the ability of tissue to repair. Symptoms eventually develop when there is sufficient accumulative damage and may be precipitated by a relatively minor acute event. 3 Ultrasound is frequently utilised in the evaluation of lower limb injuries and is particularly useful in the assessment of acute and chronic tendon conditions such as tenosynovitis, tendinopathy and tears. 4 Large superficial tendons such as the Achilles and patellar tendon are most suitable for ultrasound assessment providing highresolution anatomical images with a degree of physiological assessment such as the presence of neovascularisation and response to loading. Smaller superficial tendons, such as tibialis posterior or the peroneal tendons, are more technically challenging but can also be assessed with a high degree of accuracy. 5 The severity of acute muscle injuries due to direct or indirect trauma may also be graded with ultrasound and healing monitored, which can assist in predicting return to sport. 4, 6 Sonographic equipment and technique High-frequency (10-17 MHz) linear array transducers, with a small footprint provide excellent detail and spatial resolution and are used in musculoskeletal (MSK) ultrasound to assess superficial structures, such as tendons, small joints and muscles. 7 Lower frequency transducers may be required to assess deeper structures, such as the hip joint. 7 Good ultrasound technique requires a detailed knowledge of MSK anatomy and a careful methodical assessment using the ultrasound probe in both the transverse and longitudinal planes in order to identify pathology. Optimal imaging of a tendon requires the transducer to be perpendicular to the tendon in order to visualise the detailed fibrillar architecture and avoid spurious hypoechoic change due to anisotropy. 8 Sonographic palpation is used to identify the site of maximum clinical tenderness, which can be correlated to the underlying structures visible on the scan image, which further increases the sensitivity of ultrasound. 6 Colour and power Doppler are also helpful to assess tissue vascularity in the setting of acute inflammation or chronic neovascularistion.
Normal sonographic appearances
Skeletal muscle is composed of multiple individual muscle fibres called myofibrils, which are encased in a thin connective tissue layer, which is referred to as the endomysium. The myofibrils are grouped together into fascicles and surrounded by loose septa called perimysium. Groups of fascicles are bundled together and summate to form the muscle belly, which is encased in a further hyperechoic fascial sheath referred to as the epimysium, which is continuous with the perimysium. These connective tissue septa coalesce to form tendons at each end of the muscle. On ultrasound, the muscle fibres are seen as relatively hypoechoic structures with interposed hyperechoic lines of perimysium separating the fibres and a thin layer of echogenic epimysium surrounding the whole muscle (Figure 1(a) ). On transverse scanning, the alternating hyperechoic perimysium and hypoechoic muscle fibres give the so-called ''starry night'' appearance. 9 Each muscle is arranged in a definable pattern in order to perform its specific function. Muscles may be unipennate (a single muscle belly serving a tendon), bipennate or multipennate. Muscles can attach to the bone via a tendon, or insert directly onto the periosteum.
Tendons transmit forces from the muscle to the skeleton and consist of an organised array of collagen fibres tightly packed together with supporting connective tissue. They differ from ligaments in their composition, having a greater percentage of collagen fibres and a smaller proteoglycan and elastin component. The collagen fibres are arranged in a parallel fashion, which form bundles of fibres, and in a hierarchical system produce an actual tendon. 10 On ultrasound, the normal tendon architecture appears as echogenic parallel lines in longitudinal section or as echogenic dots when imaged in a transverse plane (Figure 1(b) ).
Tendon sheaths are typically seen surrounding those tendons coursing around bony structures or passing through fibro-osseous tunnels such as tendons around the ankle and wrist. The tendon sheath comprises two synovial layers, which may contain an abnormal excess amount of fluid in cases of tenosynovitis or tendon degeneration. Some tendons, such as the Achilles tendon, are surrounded by a loose fatty connective tissue called the paratenon, which contributes to the blood supply of the tendon. 11 Both ligaments and tendons exhibit anisotropy, therefore, orientation of the ultrasound beam perpendicular to the fascicle is important in order to optimally visualise the echogenic collagen fibres. 11 Ligaments consist primarily of type 1 collagen with glyoproteins and elastin representing a smaller percentage of their dry weight. Their primary function is in joint stabilisation as well as providing proprioceptive feedback. 12 They can be intra-articular (cruciate ligaments of the knee), extra-articular (calcaneofibular ligament) or capsular (anterior talofibular ligament). The orientation of the collagen fibres is variable and relates to each ligament's specific function. Ligaments appear as echogenic fibrillar structures and probe orientation is more important when imaging ligaments due to the less organised arrangement of their fibres. 8 
Principles of injury
Lower limb sports injuries can be attributed to the mechanism and types of forces imparted into the tissues involved. Forces transmitted to muscle, tendon or ligament can be direct or indirect leading to either an acute or chronic type of injury. Basic knowledge of the biomechanical properties of these specialised tissues enables better understanding of the aetiology and types of injuries encountered by athletes.
Direct injuries are due to forces transmitted via an external blow, often in contact sports. The presentation is acute with a clear mechanism of injury often leading to superficial abrasions, ecchymosis and muscle contusion or laceration. Tendons and ligaments are not as commonly injured via this mechanism. 13 Indirect injuries can affect muscles, tendons and ligaments, all of which are viscoelastic structures. When a constant load is applied, there is typically a linear relationship between deformation and load throughout an elastic region. With increasing load, the structure enters a yield point, followed by plastic deformation before ultimate failure or rupture. 14, 15 When the force is great enough to cause injury, damage is dependent on the rate and amount of loading. An acute injury or tear occurs when the tissue is rapidly loaded beyond its ultimate failure point. 16 This would be the case for an Achilles tendon rupture when an athlete may describe a sudden feeling of being kicked in the back of the calf and hearing an audible ''pop''. 17 With repeated cyclical loading that nears the yield point, microfailure and tears may develop. This represents an overuse type injury, which tends to occur more commonly in tendons than in ligaments and may initially be asymptomatic. In this setting, a chronic over use injury may present acutely following an apparently minor incident.
Muscle injuries
Muscle injuries are very common in sport and can occur in a wide range of different muscle groups. A top level football team with 25 squad members can expect around 15 clinically significant muscle injuries each season equating to 148 missed training sessions and 37 missed matches. 18 Acute muscle injuries can be classified as direct or indirect depending on the mechanism of injury. Direct injuries result in contusions and lacerations, whereas indirect injuries are muscle tears caused by internal forces with tensile overload, and account for the vast majority of significant muscle injuries seen in high-level athletes. 18 Muscle tears frequently result from eccentric contraction where the muscle is developing tension whilst lengthening. This often affects the myotendinous junction of superficial muscles in which there is a predominance of fast twitch type 2 fibres. 19 Injuries tend to occur in those muscles which span two joints, such as the rectus femoris and medial head of gastrocnemius. 20 Tears can be intramuscular or occur at the myofascial junction and in some cases avulse directly from bone. In elite footballers, tears are seen most commonly within four major muscle groups of the lower limb (hamstrings 37%, adductors 23%, quadriceps 19% and calf muscle 13%). 18 There have been several proposed classification systems for the grading of muscle injuries with the latest consensus suggesting that the term tear be used instead of strain in describing muscle injuries. These grading systems group muscle injuries into partial or (sub)total tears. 21 The Peetrons classification is a commonly used system, which separates muscle tears into three grades. 6 Grade I injuries involve less than 5% of a muscle and may show focal or general areas of increased reflectivity signifying muscle oedema without focal haematoma or muscle fibre retraction, although a small amount of perifascial fluid may be seen. 6 Ultrasound may appear normal. Subtle injuries however, particularly in deep muscles, can be easier to detect with MRI. 22 Grade II injuries are partial ruptures involving 5-50% of the cross sectional diameter of a muscle with associated bleeding and muscle fibre retraction. Ultrasound will reveal a hypoechoic or anechoic gap within the muscle fibres, where there is discontinuity of fibres and haematoma formation (Figure 2 (a) and (b)). 23 Hypervascularity at the ruptured muscle ends may be present on power Doppler. Grade III tears involve complete rupture, which is usually associated with retraction ( Figure 2(c) ). These lesions are often clinically evident with a palpable gap between the retracted muscle ends and on ultrasound there is complete muscle discontinuity with extensive haematoma. The ''bell-clapper'' sign may be seen, which refers to the rounded margin of the balled-up, retracted muscle, surrounded by haematoma. 24 Grade III rupture is much less common than partial tears. 23 Grading of muscle injuries, especially in elite athletes, is important in determining treatment, planning rehabilitation and predicting the lay-off time from full training or competition. Grade I injuries have an average lay-off time of approximately two weeks and grade II approximately four weeks. 25 Grade III injuries can have a lay-off time in excess of three months with the biceps femoris muscle being most commonly injured in elite footballers for all grades. 18 There may be an additional benefit in further subclassifying grade II injuries into smaller and larger tears. Tears affecting the myofascial junction are often managed differently by physiotherapists. 26 Tears close to the tendon insertion or at the myotendinous junction will often take longer to recover. 26 Following an acute muscle injury, return to full sporting activity is not usually advocated until healing is complete, although athletes will often continue to train and compete with minor grade I injuries. 27 Premature return to sporting activity following a muscle injury can lead to extension of the tear or recurrent injury, which may predispose to excess scar tissue formation. In a study involving professional footballers, 16% of muscle tears were reported to be re-injuries, which take on average 30% longer to heal than the initial injury. 25 Scarring appears as a hyperechoic focus with associated architectural distortion and may have a surrounding hypoechoic zone. 28 The site of scar formation matches that of the muscle injury and often occurs at a musculotendinous or myofascial junction.
Other sequelae of injury include muscle atrophy and fatty change. This can occur following a large grade II/III injury with localised atrophy, from a neural injury causing muscle denervation or from disuse with diffuse loss of muscle bulk. 29 Fatty atrophy classically begins around the central tendon and myotendinous junction resulting in increased reflectivity on ultrasound when compared with normal muscle. 6 Comparison with the normal contralateral side can be useful to confirm the abnormal echogenicity and to assess the degree of atrophy.
High-grade muscle injuries may present late as a ''pseudomass'' representing a condensed mass of disorganised muscle fibres with or without scar tissue. There is often associated retraction, and dynamic sonography during muscle contraction can accentuate the lesion. 30 
Muscle contusions
Blunt direct trauma produces compression and sheering injury of muscle and can cause an acute intramuscular contusion with haemorrhage. Damage is often most severe in those muscles directly contacting bone where compression forces may be greatest, e.g. vastus intermedius lying adjacent to the femur. Patients will present with immediate and often prolonged pain and a significant deficit in contractility in the affected muscle. 31 Joint stiffness and weakness may be long-term sequelae. On ultrasound, a contusion is seen as a focal loss of the normal muscle fibrillar architecture with a heterogeneous region of increased echogenecity, which may cross the fascial boundaries (Figure 3(a) ). 32 Over several hours, an intramuscular or fascial haematoma may form resulting in a discrete poorly compressible hypoechoic collection of partially clotted blood (Figure 3(b) ). After approximately 7-10 days, ultrasound may demonstrate fluctuant echo poor locules signifying clot liquefaction. 33 At this stage, the serous component may be amenable to ultrasound-guided aspiration unlike an acute haematoma, which would be thick, gelatinous and difficult to drain. In some cases, haematoma aspiration can reduce symptoms and improve range of motion, allowing progression of the patient's rehabilitation and potentially expediting recovery and return to sport. Rarely, these injuries can be associated with an acute compartment syndrome requiring measurement of intracompartmental pressures. 34 
Myositis ossificans
Myositis ossificans is a benign condition characterised by intramuscular ossification that can occur following direct muscle injury and contusion. 35 The pathophysiology of myositis ossificans is not fully understood and because it can present with a painful mass, differentiation from a softtissue tumour is required. Coarse calcification is a late sign and is evident on plain radiographs. In the early phase, a hypoechoic mass with peripheral echogenic foci is seen. 36 Later on, a more focal calcific deposit is demonstrated with associated posterior acoustic shadowing, which is aligned with the long axis of the muscle (Figure 3(c) ). Unlike sarcoma, an important differential, the ossification in myositis ossificans begins at the periphery and quite often, further cross-sectional imaging is required in establishing a diagnosis. 28 
Muscle herniation
This is a relatively uncommon injury, usually due to blunt direct trauma causing fascial disruption and herniation of the underlying muscle through the defect. It is most commonly encountered in the anterior tibial compartment. 37 In the acute setting, the fascial tear may be seen as a discrete discontinuation of the fascia with adjacent haemorrhage and localised bulging of the underlying muscle as it herniates through the defect (Figure 3(d) ). In the more chronic setting, diagnosis may require dynamic scanning during muscle contraction to demonstrate herniation.
Morel-Lavallé e lesion
The Morel-Lavallée lesion is a chronic superficial seroma, which forms between subcutaneous fat and the underlying fascia. It follows a closed degloving injury with sheering forces causing separation of the subcutaneous fat from the underlying fascia, creating a space which fills with lymph, blood and fat. 38 Sonographically, this lesion is seen as a well defined, often oval, hypoechoic collection which may have internal echoes, septations and fat globules but no vascularity. It is superficial to the underlying fascia and may demonstrate a capsule of variable thickness (Figure 4 ). They are most commonly encountered over the lateral aspect of the hip but can occur elsewhere, particularly around the knee. 39 Ultrasound can be utilised to guide percutaneous drainage, 
Tendon injuries
Tendon injuries can be divided up into acute and overuse injuries. Acute injuries occur suddenly from a specific force, and are often encountered in sports where there is high speed, explosive forces and contact (skiing, football). Tendon injuries can occur at the musculotendinous junction, within the tendon substance, at the bone-tendon junction or, in the case of adolescent athletes, as a bony avulsion of an unfused apophysis. 40, 41 Acute tendon tears may be partial or complete. In complete tears, the tendon ends can be separated by fluid, blood or herniated adjacent soft-tissue structures (Figure 5(a) and (b) ). Dynamic assessment of the tendon with ultrasound during passive stretching can be useful in establishing the diagnosis. Acute injuries are not as common as overuse injuries which often occur in the setting of tendinopathy. 42 Repeated movements impart low-magnitude tissue forces over a period of time. This can lead to repetitive microtrauma, and if not allowed sufficient time to repair, may result in an overuse injury. 15 With overuse injuries, there is often a painful, inflammatory phase of tendonitis characterised sonographically by increased vascularity, hypoechoic oedematous tissue, synovitis and possible small tears. 40 This may be followed by a degenerative, or tendinopathic period where there is tendon thickening, loss of fibrillar architecture and microcalcification, all of which may be seen on ultrasound ( Figure 5(c) ). 11 Overuse tendon injuries are encountered in a wide variety of sports including distance runners, racquet sports and kicking athletes.
Tenosynovitis is an inflammatory condition of the sheath covering the tendon. Thickening and increased vascularity may be demonstrated on ultrasound as well as fluid within the tendon sheath. 43 This condition is often encountered within the tendons around the ankle in long-distance runners where the cause is often repetitive microtrauma. Illfitting shoes may also be a contributing factor leading to impingement. If conservative methods fail, ultrasoundguided steroid injection into the tendon sheath and not the actual tendon may be beneficial. 44 
Ligament injuries
Unlike tendons, where overuse injuries predominate, ligaments are classically injured following an acute trauma with the ankle being the most common site. Ligament injuries can occur midsubstance, at the ligament-bone interface or as a bony avulsion injury. Ligament injuries are classified as grade I, II and III. 45 Grade I injuries are interstitial tears, often from acute trauma, without macroscopic disruption. The ligament may appear normal sonographically, although there is likely to be adjacent fluid and inflammatory change. Grade II injuries are partial tears and ultrasound demonstrates thickening and partial disruption of the fibres (Figure 6(a) and (b) ). In grade III injuries, there is discontinuity of the ligament with retraction of the torn ends and associated oedema/haemorrhage. As with muscle injuries, the higher the grade of ligament injury, the longer the lay-off time for that individual. 2, 11 Capsular ligaments such as the medial collateral ligament (MCL) of the knee have a good healing potential following a grade III injury, whereas intra-articular ligaments such as the ACL generally do not heal after a complete rupture. 16 Ligaments can be evaluated with ultrasound in the acute setting; however, high-grade ligament tears are frequently associated with other intra-articular injuries and assessment with MRI is often preferred. In the chronic setting, ultrasound can be used to demonstrate ongoing thickening, inflammation, impingement or laxity in relation to accessible ligaments such as the MCL and ATFL. From this, it is possible to guide a variety of percutaneous injection techniques. 46 
Bursitis
Bursitis is inflammation of one of the many bursae found in the lower limb, which are small synovial lined sacs located between tissues, such as bone, tendon, muscle and skin. They serve to reduce friction and rubbing and can become inflamed with repetitive over use injury, such as in long distance runners. Patients usually present with pain at that site and on ultrasound, the bursa may appear thickened and inflamed with anechoic synovial fluid. 47 Around the hip, trochanteric and Iliopsoas bursitis can be managed with conservative measures such as physiotherapy, but if that fails, ultrasound-guided steroid injections can be beneficial. 48 
Conclusion
Ultrasonography is an effective imaging modality in both diagnosing and monitoring lower limb sporting injuries. With a superior spatial resolution to MRI, ultrasound is able to resolve individual muscle fibres and therefore detect injuries to these structures. In allowing the operator real-time contact with the patient, clinical and functional assessment may be carried out in an effort to aid diagnosis. Ultrasound is useful in targeted injections and being portable, sonography may be performed readily at sporting venues thus allowing for a speedy diagnosis and subsequent treatment.
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